Current ATD positioning practices depend on seat track position, seat track travel range, and design seatback angle to determine appropriate occupant position and orientation for impact testing. In a series of studies conducted at the University of Michigan Transportation Research Institute, driver posture and position data were collected in forty-four vehicles. The seat track reference points currently used to position ATDs (front, center, and rear of the track) were found to be poor predictors of the average seat positions selected by small female, midsize male, and large male drivers. Driver-selected seatback angle was not closely related to design seatback angle, the measure currently used to orient the ATD torso. A new ATD Positioning Model was developed that more accurately represents the seated posture and position of drivers who match the ATD statures. Seat position is specified for each adult ATD size to match the mean predicted seat position of drivers matching the ATD reference stature. ATD torso orientation is set to the average driver torso orientation. The new positioning model places the ATDs in postures and positions that are more representative of drivers of similar size.
INTRODUCTION
One of the goals of automotive dynamic testing is to evaluate the potential for occupant injury in vehicle impacts. For occupied vehicle impact tests, the initial position of the ATD relative to the steering wheel and vehicle structures has been shown to have a significant effect on the ATD measures of injury probability, and driver proximity to the vehicle structures has been recognized as a factor in injury potential (1) (2) (3) (4) (5) (6) (7) . 1 Changes in the seat fore/aft position and seatback angle are also known to affect ATD output associated with assessing injury potential and to affect the levels of head and knee excursion experienced by the ATD (8) .
Laboratory procedures for Federal Motor Vehicle Safety Standard (FMVSS) 208 and the New Car Assessment Program (NCAP) specify that the midsize male ATD be positioned with the seat at the center of the fore-aft seat track travel and with the seatback angle set to a manufacturer-specified value known as the design seatback angle (9, 10) . Full-forward and full-rearward seat positions are commonly used in tests with the small female and large male ATD, respectively. Once the ATD is seated, the ATD position is adjusted to achieve the H-point measured by the SAE J826 manikin (11) and head and pelvic angles within the ranges specified (9, 10) .
Few detailed comparisons between human and ATD positions have been published. Parkin et al. (12) measured the distances between drivers' heads and the steering wheel using videotape images of one-thousand drivers as they passed a fixed camera. Parkin noted that the fiftieth percentile of the distribution of distances to the steering wheel for male drivers in the sample was less than the corresponding clearance dimension for the midsize male ATD in one vehicle geometry. Similar observations were made for small female and large male ATDs, suggesting that the ATD positioning procedure located the dummy too far forward relative to humans. However, no anthropometric data for the videotaped drivers were available, nor were measures of vehicle package geometries, so the resulting data cannot reliably be used to predict the seated positions or steering wheel clearances of people of any particular body size as a function of vehicle dimensions.
Husher et al. (13) tested 9 women and 24 men in three vehicles to compare preferred seat positions with the midtrack seat position. The results reported indicate that the median seat position selected in a 1988 Chevrolet Beretta, 1987 Volkswagen Jetta and 1987 Ford Taurus were rearward of midtrack by 97, 57, and 18 mm, respectively. Although basic anthropometric data were collected, the analysis did not employ a weighting strategy to express the observed population in terms of any specific driving population and did not compare the midtrack seat positions with the seat positions selected by midsize male drivers. 1. Numbers in parentheses designate references provided at the end of this paper.
Backaitis et al. (14) reported on Hybrid III ATD clearance dimensions and the effects of clearances on dummy impact responses. As part of the investigation, the selected seat positions of twelve midsize male subjects were compared to the ATD seat position in a Ford Taurus. On average, the midsize male subjects sat 32-36 mm rearward of the midtrack seat position, with their heads located 20 to 47 mm further rearward than the ATD.
In the past decade, a series of studies at the University of Michigan Transportation Research Institute (UMTRI) have investigated preferred driver position and posture to create new tools for vehicle packaging, evaluation, and design. In-vehicle testing of hundreds of volunteers has led to the creation of a database of driver position and posture as well as predictive models for driver seat position, eye position, posture, and proximity to the steering wheel (15) (16) (17) (18) (19) . The UMTRI driver position data allow comparisons between current ATD positioning practices and the selected postures of drivers of similar stature.
The results of the UMTRI driver position studies suggest that positioning the seat at midpoint of the seat track and at the design seatback angle for an occupied vehicle impact test will almost always result in a midsize male ATD position that is further forward and more reclined than the average position selected by drivers of the same stature. This paper quantifies the differences between driver and ATD seat positions and uses the new information about driver preferred seat positions and the associated predictive models to suggest a method for positioning small female, midsize male and large male ATDs that results in ATD positions and postures more like their human counterparts.
METHODS
The methods for collecting driver posture and position have been comprehensively reported previously (15) (16) (17) (18) (19) and are summarized concisely for this paper.
TEST CONDITIONS -Driver-selected seat position and driving posture were measured in 44 vehicles over the course of ten investigations. In all of the vehicles, preferred position data were collected immediately after the subjects had driven the vehicle for 10 to 20 minutes. All vehicles are listed in Table 1 , along with selected vehicle package dimensions.
SUBJECT POPULATIONS 2 -Subjects were adult drivers selected to fill twelve gender/stature groups described in Table 2 . These stature groups span the range of stature in the anthropometric specifications of the small female, midsize male and large male Hybrid III crash dummies. A total of 606 subjects were tested in these studies.
For the analyses in this paper, statures corresponding to the anthropometric specifications of the Hybrid III ATDs are necessary for comparison with driver postures. The anthropometric specifications of the Hybrid III family of ATDs do not include standing height (stature), but rather are expressed in terms of five primary seated dimensions: erect sitting height, buttock-to-knee length, knee height, arm length, and forearm length. For the midsize male Hybrid III, these dimensions were based primarily on the 1962 Health Examination Survey (HES) data (20, 21), augmented with data from studies of U.S. Army and Air Force personnel (22) (23) (24) . The erect sitting height in the Hybrid III specification is 906.8 mm (20, [25] [26] [27] , although the curvature of the lumbar spine may prevent the ATD from actually attaining that sitting height (28) . In the UMTRI data for midsize males (group 8), the ratio of sitting height to stature is 0.517. Dividing the Hybrid III sitting height by 0.517 gives a scaled stature estimate of 1754 mm. In the data from the 1974 National Health Examination and Nutrition Study (NHANES), the median male stature is 1753 mm (29) , which is very close to the estimated Hybrid III reference stature.
The body dimensions of the small female and large male Hybrid III ATDs were developed by scaling from the midsize male to match on the five anthropometric dimensions of data collected by Schneider et al. (30) , in which the small female and large male subjects were selected to match the 5th-percentile female and 95th-percentile male statures, respectively, according to the NHANES data. Based on this analysis, small-female, midsize-male, and large-male anthropometry was defined for the purposes of the current study by statures of 1511, 1753, and 1869 mm, which are the 5th-percentile female, 50th-percentile male, and 95th-percentile male values, respectively, from the NHANES data (29 * Indicates vehicles that were modified from design to meet specific criteria of the studies. All package dimensions were measured directly from the vehicles to assure accuracy. † Denotes manual-transmission vehicles.
TEST PROTOCOL -The same general test procedure was used in each of the studies. The subject completed a consent form, health questionnaire, and survey asking about their current vehicle and driving habits. A set of twenty standard anthropometric measures were taken, including stature, weight, and erect sitting height. The three to six vehicles in each study were tested in random sequence. The initial positions of the seat, seatback, and steering-wheel tilt prior to testing in each vehicle were the same for every subject and were set to the mean expected positions based on previous research. The subject was instructed on the operation of the seat position, seatback angle, and steering-wheel tilt adjustments, and was asked to experiment extensively with the adjustments while driving over a 10-to-20-minute road route. During the drive, the subject was asked to find the most comfortable driving position and to note the posture of his/her head in straightahead driving. Immediately after returning from the drive, driver-selected seat position and posture were measured while the subject maintained a relaxed, normal driving posture.
RESULTS

DETERMINING MEAN SEAT POSITION FOR
ANTHROPOMETRIC GROUPS -In some vehicles, examination of the seat position data showed that censoring occurred, meaning that the seat track length or position restricted the seat positions of some subjects. Censoring is indicated by histograms that show an unusually large number of observations at full-forward or full-rearward seat track positions. For this analysis, estimates of the seat positions that subjects would have chosen independent of the limitations of the particular seat track installed in the vehicle are desired. When observations at the end points of the seat track (i.e., censored data) are excluded, the relationship between stature and seat position is linear in every vehicle. Using the uncensored observations, seat position was regressed on stature to determine the vehicle-specific relationship between the two variables. To estimate the mean positions of people corresponding to the ATD anthropometry, the 5th-percentile female, 50th-percentile male, and 95th-percentile male statures, based on the 1974 HANES survey (29), were entered into the regression equations to calculate the corresponding seat positions in each vehicle. The resulting values represent the mean seat position of drivers of the specified stature in each vehicle.
For drivers in the middle stature ranges, values estimated by the regression technique are generally similar to those estimated by averaging the seat positions of people with similar statures, but the regression technique is more reliable across vehicles, and also provides an estimate of the residual variance. The variance in seat position for people who are a specific stature can be estimated, even though there may be few subjects in the database whose posture exactly matches the target stature. Moreover, the regression technique produces accurate estimates of mean seat position for people who sit near the ends of the seat track, such as small women and large men. Seat positions calculated in this manner can lie beyond the ends of the seat track. However, examination of data from vehicles with extended, non-restrictive seat track travel shows that the regression-estimated seat positions accu- rately represent where drivers sit when track travel is available.
The regression approach to calculating average seat positions relies on certain assumptions, but rigorous examination of the data shows that these assumptions are justified (16) . Most importantly, the linearity of the relationship between stature and seat position has been verified for every vehicle, and the assumption of equal residual variance over the stature range has been confirmed. Moreover, the consistency of the linear relationship throughout the range of statures, in vehicles without censoring, and across vehicles with different interior dimensions strongly support the validity of the method. Figure 2 compares the mean selected seat position of midsize males obtained using the procedure outlined above, compared to the mid-track seat position for 26 vehicles where seat heights (H30) span the range from sporty cars to SUVs and light trucks. In all of the vehicles, the mean selected seat position of midsize males is further rearward than mid-track seat position, by an average of 46 mm. Similarly, Figures 3 and 4 compare mean observed small female and large male seat position with the full forward and full rearward seat track locations. Table 3 summarizes the offsets between the seat positions and the corresponding seat track landmarks. In these 26 vehicles, midsize males sit with average seat positions about 46 mm rearward of the center of the seat track. Large-male seat position coincides closely, on average, with the rearmost position on the seat track, although there is considerable variance across vehicles. Small-female seat position is about 42 mm rearward of the front of the seat track, on average. The large offset standard deviations in Table 3 indicate that the front, middle, and rear locations on the seat track are poor predictors of small female, midsize male, and large male seat positions, since the offsets are inconsistent across vehicles.
DRIVER-SELECTED SEAT POSITIONS RELATIVE TO VEHICLE SEAT TRACKS -
Drivers of any particular stature will sit with a range of seat positions because of variations in body proportions and preferred body extremity postures. Regression analysis of data from individual vehicles indicates that this residual variance is well modeled by a normal distribution with a standard deviation of 29.8 mm for all statures of interest (16) . Centering this normal distribution on the predicted seat positions for midsize males in Figure 2 enables calculation of the percentage of 1753-mm-tall drivers (i.e., midsize males) who sit forward of the midseat-track position. Averaging across vehicles, about ten percent of male drivers with a stature of 1753 mm are estimated to sit forward of the center of the seat track. Using the same procedure, about twelve percent of small-female drivers' preferred seat positions lie further forward than the front of a typical seat track, and about 58 percent of large-male drivers prefer to sit at positions further forward than the typical rearmost seat track position. DRIVER-SELECTED SEATBACK ANGLE -Typical automotive design practice leaves the selection of design seatback angle to the discretion of the designer or package engineer. Most design seatback angles are between 20 to 27 degrees, as measured with the SAE J826 manikin (11) , and tend to be less reclined at higher seat heights. Previous UMTRI studies of driver-selected seatback angle have shown that mean preferred seatback
In 31 of the 37 vehicles, the design seatback angle is larger than the mean seatback angle selected by drivers, with a mean difference of 2.1 degrees. In general, design seatback angle is a poor predictor of mean selected seatback angle. For example, mean selected seatback angles for seats with design seatback angles of 24 degrees range from 19 to nearly 27 degrees.
Contrary to the expectation implied by conventional design procedure, seat height does not strongly influence driver-selected seatback angle. Figure 6 illustrates that there is only a weak relationship between preferred seatback angle and seat height, consistent with previously reported observations (19) .
DRIVER TORSO POSTURE -For some of the study vehicles, driver body landmark data are available that provide a more detailed description of driver posture than that given by the seat position and seatback angle data.
The overall torso recline of the driver can be measured by calculating the angle with the vertical formed by a sideview vector from the H-point to the left infraorbitale landmark, a skin surface landmark on the orbit directly below the pupil of the left eye. This measure, illustrated in Figure 7 , is termed "torso recline angle" for purposes of this discussion. Figure 6 . Relationship between seat height and mean selected seatback angle for 37 vehicles. Figure 7 . H-point-to-eye vector used to measure overall torso recline angle. Table 4 demonstrates that the mean driver-selected seatback angle does not vary closely with torso recline. Both variables differ across vehicles in a narrow range, but higher mean selected seatback angles do not imply higher torso recline angles due to differences between the J826 manikin and people. Stature is also not closely related to torso recline. Figure 8 shows the torso recline angle plotted against driver stature for all of the vehicles in Table 4 . Separate linear regression lines are shown for each vehicle. The regression was significant (p<0.05) only for the Grand Cherokee, but even in that vehicle the relationship was weak (R2 = 0.10). Other similar studies have shown that there are also no important interactions among vehicle and anthropometric variables in their effects on torso posture (15) (16) (17) (18) (19) . Table 4 lists the mean and standard deviation of torso recline angle for all sizes of drivers in six vehicles, along with several package variables. These six vehicles were selected to represent a range of horizontal wheel-topedal distance at a range of seat heights. However, the small range of mean torso recline angles across the vehicles illustrates that neither of these variables has important effects on torso recline. For example, the average torso recline angle for the two lowest seat height vehicles (Avenger and Laser) is 5.1 degrees, while the average for the two highest seat-height vehicles (Grand Cherokee and Voyager) is 5.8 degrees, a difference of less than one degree. 
MODEL DEVELOPMENT
SEATING ACCOMMODATION MODEL -The current SAE Recommended Practice for predicting the distribution of driver-selected seat positions is SAE J1517 (33) . Many of the studies from which data were obtained for the current analysis were conducted with the purpose of improving SAE J1517. As a result of this research, a new model of driver-selected seat position, called the Seating Accommodation Model (SAM) has been developed (16) . SAM predicts the distribution of seat positions for any driver population in any passenger car.
Seat position data from 60 to 120 drivers in each of 36 vehicles were used in the development of SAM. The subject data in each vehicle were weighted to represent a 50-percent-male U.S. driver population by stature, according to the distributions in NHANES (29) , and averaged to obtain a mean seat position in each vehicle. Mean seat position was then regressed on seat height (H30), the horizontal distance between the steering wheel center and the Ball-of-Foot (BOF) landmark, seat cushion angle (L27), and transmission type (manual or automatic). Figure 9 illustrates these variables. The regression function is: Equation 1 predicts the mean seat position for a particular U.S. driver population, but a more flexible model was desired that could be used with any driver population, as defined by a specified stature distribution. Two important findings from the analysis of seat position data facilitated the development of such a model. First, stature does not interact with any of the vehicle variables in its effect on seat position. This allows the stature effects to be assessed without reconsidering the vehicle variable coefficients in equation 1. Second, the effect of stature on seat position is the same for males and females, allowing a single predictive equation to be used for both.
As noted above (see Figure 1) , the relationship between stature and seat position within an individual vehicle has been uniformly found to be linear. To incorporate stature effects into SAM, data from 21 vehicles with minimal seat-position censoring were selected. After excluding the remaining censored observations, seat position was regressed on stature for each vehicle. The stature coefficients for the 21 vehicle regressions were averaged, weighting each by the number of subjects analyzed for each vehicle. The resulting weighted stature coefficient is 0.433 (mm/mm), indicating that a 100 mm difference in stature corresponds to a 43.3 mm difference in fore-aft seat position, on average. ) where is stature and the other variables are as defined in equation 1. Equation 2, from SAM, predicts the mean selected seat position, aft of the ball-of-foot accelerator pedal reference point, for a single-gender population with the specified stature. The form of equation 2 is such that entering any selected stature gives a prediction for the average seat position of individuals with that stature. Thus, the average seat position of drivers who match the ATD reference anthropometry can be predicted directly.
PREDICTION OF DRIVER SEAT POSITION FOR ATD POSITIONING -The reference point from which the seat positions are referenced in SAM (the Ball-of-Foot landmark on the accelerator pedal) is not ideally suited for use in positioning an ATD in a vehicle. The location of BOF can be difficult to determine in a vehicle, and it is difficult to make in-vehicle measurements relative to the accelerator pedal. The steering-wheel-to-ball-of-foot dimension used as a predictor in SAM is also less commonly available than other measures of steering wheel fore-aft position. For ATD positioning, equation 1 from SAM was algebraically manipulated to predict seat position relative to the center of the steering wheel, rather than relative to BOF, and to use an input variable for steering wheel position that is more readily available. The new model uses L11, defined in SAE J1100 (34) as the horizontal distance from the steering wheel center to accelerator heel point (AHP). Both H30 (seat height) and L11 are routinely reported for production vehicles, and should be readily available for use in ATD positioning.
The UMTRI ATD Position Model (ATDPM) predicts the mean seat position (translated H-point location) of drivers who are the same stature as the small-female, midsize, or large-male ATDs. In the ATDPM, the center of the steering wheel is defined as the intersection of the steering column centerline and a plane tangent to the upper surface of the steering wheel rim (i.e., measures made to recessed or protruding wheel hubs should be corrected to the plane of the wheel rim). Equation 4 predicts the seat position aft of the steering wheel center for drivers 1753 mm tall, i.e., midsize males. Note that these equations are identical except for the intercepts, since the predictor variables affect the seat positions of the three stature groups equally. The cosine and second-order seat-height term reflect the fact that steering-wheel-to-ball-of-foot distance and L11 are related by a pedal plane angle that is defined in SAE J1516 as a second-order function of seat height (35) . The ATDPM predicts mean driver selected seat position with good accuracy across vehicles. Figure 11a , 11b, and 11c show the observed and predicted mean seat positions, expressed as translated H-point locations, for small-female, midsize-male, and large-male drivers. The predictions are generally within 25 mm of the mean observed values, with greater accuracy for small females and midsize males than for large males. PREDICTION OF DRIVER TORSO POSTURE FOR ATD POSITIONING -The foregoing analyses of driver seatback angle data indicate that the manufacturer-specified design seatback angle is generally a poor predictor of driver-selected seatback angle. Further, mean selected seatback angles are not closely related to mean torso angles, suggesting that the current techniques for measuring seatback angle using the SAE J826 manikin do not adequately reflect the average relationship between driver torso posture and seatback angle. The data in Table 4 , taken together with other research at UMTRI (19) , suggest that driver torso posture is largely independent of package and seat geometry, as well as stature. Large changes in these variables alter the mean torso recline only over a range of three to four degrees (19) . These observations lead to the conclusion that a single uniform ATD torso orientation could be used to represent mean driver torso posture for all three ATD sizes in passenger cars, light trucks, and SUVs.
Several different methods of specifying and measuring the ATD torso orientation were considered. Ultimately, a procedure was developed to orient the torso by specifying the angle with respect to vertical of a side-view line from the ATD H-point through the head center of mass (CM). Figure 12 illustrates the angle dimension schematically. This approach positions the masses of the torso segments relative to the pelvis at locations that closely match the average locations of these masses for actual drivers, and establishes a good representation of the mean initial condition of the driver's body for a dynamic crash simulation. The location of the seat H-point aft of the steering wheel center is predicted using equation 4, 5, or 6. The orientation of the ATD torso is adjusted so that the vector from Hpoint to head center of mass is at an angle of 12 degrees relative to vertical, while maintaining the head level and the pelvis orientation within specification.
An estimate of the drivers' head CM locations was made, for the purpose of defining torso angle, using data from Schneider et al. (30) . In a study of driver anthropometry for the development of ATD specifications, body landmark locations in driving postures were measured on twenty-five drivers in each of the small-female, midsizemale, and large-male categories. Head CM locations were estimated using regression equations from McConville et al. (31) and the measured head landmark locations. Table 5 shows the head CM locations from Schneider et al. relative to the infraorbitale landmark with the head in a driving posture (Frankfurt plane approximately level). Noting the similarities in the values, the head CM location was estimated for all occupant sizes using the average offset of 80.3 mm rearward and 27.3 mm above the infraorbitale landmark location. Estimated head CM locations were calculated for 113 to 120 subjects in each of the six vehicles listed in Table 4 and the angle of the vector from the H-point to the driver's head center of mass with respect to vertical was calculated. The ATDPM uses the overall average value across these vehicles of 12.0 degrees.
DISCUSSION
Driver-selected seat position data collected in the course of ten studies at UMTRI show that the seat positions chosen by small female, midsize male, and large male drivers often differ considerably from seat positions commonly used in ATD testing. The full-forward, midtrack, and full rearward seat track reference points currently used to position the ATDs have been shown to be poor predictors of the seat positions actually chosen by people who match the ATDs anthropometrically. Further, the manufacturer-supplied seatback angle is not a good predictor of driver-selected seatback angle. Posture data indicate that overall driver torso recline is not substantially affected by seat height, steering-wheel position, design seatback angle, or driver stature.
These observations and the UMTRI posture database have led to the development of a new ATD Positioning Model (ATDPM) that specifies ATD positions that more accurately represent driver postures than ATD positions obtained using current methods. The ATDPM locates the ATD H-point aft of the center of the steering wheel using a function of seat height (H30), steering-wheel position (L11), and seat cushion angle (L27). A separate function is provided for each of the adult Hybrid III ATD sizes. The ATDPM specifies a uniform ATD torso orientation, rather than a fixed seatback angle, for all passenger car tests with adult ATDs. This procedure is designed to place the ATD head center of mass in a location that is representative of the head centers of mass of drivers matching the ATD anthropometry. In practice, the seatback angle could be adjusted to the angle that best supports the ATD with the specified torso orientation.
An alternate approach to positioning the ATD torso based on the UMTRI driver proximity model (18) was considered but was found to have few advantages when compared to the uniform torso orientation method. The UMTRI driver proximity model predicts the driver position relative to the center of the steering wheel given driver population stature, wheel-to-pedal distance, and seat cushion angle. The model is based on chin-to-steeringwheel, manubrium-to-steering-wheel, and minimum-horizontal-chest-to-steering-wheel distances collected for 60 to 120 subjects tested in each of 22 vehicles. Applying the model to ATD positioning is problematic, however, because the distances predicted are to body surfaces and substantial differences in torso external contour exist between the Hybrid III ATDs and human data as documented by Schneider et al. (30) . The uniform torso orientation approach in the ATDPM places the ATD joints and segment centers of mass close to the corresponding locations for similar size occupants.
The ATDPM is intended to form the basis for further investigation of ATD positioning, and is not presented as a completed procedure. Previous studies have demonstrated that ATD positioning affects test outcomes (1) (2) (3) (4) (5) (6) (7) (8) , so any change to the ATD procedures should be considered carefully. A full study of the effect of the suggested changes on test outcomes is beyond the scope of this paper.
The database used in this analysis is much larger than previous databases applied to prediction of driver posture and position. A large range of vehicle types is represented, with seat heights ranging from 154 to 420 mm. There is also considerable variation in other important parameters, notably steering-wheel position and seat cushion angle, that have previously been found to influence driver posture (15) (16) (17) (18) (19) . The relevant vehicle interior geometry has been documented fully, using measurements made on the test vehicles. Vehicles were tested with both two-way (fore-aft) and six-way seats (adjustable in fore-aft and vertical position, as well as seat cushion angle), and the subjects drove each vehicle before measurement. Many of the vehicles were equipped with an adjustable steering wheel angle.
The Seating Accommodation Model (SAM), on which the ATDPM is based, includes a transmission effect, accounting for the tendency of drivers to sit further forward in vehicles equipped with a clutch. Recognizing that many vehicles are sold with both manual and automatic transmissions, the ATDPM has been formulated without the forward adjustment for manual transmission.
The ATDPM is not applicable to seats with fixed seatback angles, and should be applied with considerable caution outside of the range of variables described in Table 1 . The data suggest that the ATDPM is equally accurate with two-way and six-way seat tracks, but the effects of other vehicle adjustments, such as telescoping steering columns and adjustable pedals, have not yet been studied. Because the ATDPM references seat position to the steering wheel, it is not directly applicable to passenger seat position. Passenger seat positions and postures can be expected to differ in some ways from drivers. Studies of passenger posture and position are currently underway.
One result of using the ATDPM might be to reduce the influence of extraneous factors on the positioning of the ATD. Using the current ATD positioning procedure, changes in the location or length of a vehicle seat track result in changes in ATD positioning, even though such changes do not usually affect midsize male seat positions, and often do not affect the positions of small females or large males. For example, increasing the forward travel of a seat track to facilitate access to the rear seat of a 2-door coupe would change both the full forward and midtrack seat positions, even though this change would not be expected to affect midsize male driver seat positions. Similarly, design seatback angle is not closely related to actual driver torso postures, so using a consistent orientation rather than the manufacturer-selected design seatback angle to position the ATD torso will result in more humanlike ATD postures.
Because the ATDPM can specify seat positions for the small female and large male ATDs that are beyond the range of track travel in a particular vehicle, contingencies should be developed for those cases. Similarly, seats with restricted seatback travel that prevent the ATD torso from being oriented according to the ATDPM specification would require special procedures. In both cases, testing at the end of the range of adjustment may be most appropriate, but further investigation may suggest alternatives.
CONCLUSIONS
A new ATD Positioning Model has been developed by analysis of data on driver postures in a large number of vehicles. The data and model demonstrate that current ATD positioning practices frequently result in unrealistic ATD positions. ATD positions generated by the new model will result in the ATDs being placed in positions that are representative of the driving position of the size of people that the ATDs represent.
